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BACKGROUND 

[0001] The present disclosed device and disclosed system relates generally to 
pressurizing (charging) natural gas into high-pressure storage reservoirs. 
Particularly, the disclosed system utilizes a pipeline or other natural gas source 
together with a liquefaction process system, an incompressible liquid pumping 
system and re-gasification vaporization for liquefaction energy recovery, to charge 
(pressurize) underground or above ground storage reservoir facilities or containers 
(systems) with high-pressure natural gas. 

[0002] Present methods f or c harging o r p ressurizing u nderground n atural g as 
storage reservoirs (systems), utilize an engine driven or electrical driven 
mechanical gas compressor system. The compressor system usually consists of a 
compressor driver, compressor, inner-stage and after compression, air or coolant 
heat exchangers and compresses the natural gas from a low or moderate pressure 
to the high pressure. The high pressure may range from approximately 2,000 psig 
to 4,000 psi or higher, for charging (pressurizing), the underground storage 
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reservoir. This technique is practiced in order to store natural gas in large 
quantities to provide for high peak demand periods for delivery to pipeline 
customers. In many locations throughout the World, the pipeline supply of natural 
gas is insufficient to meet the winter or other high demand periods, therefore 
underground storage of high-pressure natural gas has been utilized for many years 
to supplement the pipeline supply for these peak demand periods. 
[0003] What is needed in the art is a more efficient system for pressurizing 
natural gas for storage of high-pressure natural gas. 

SUMMARY 

[0004] The invention described herein provides a new process method to 
develop the high pressure necessary for charging (pressurizing) natural gas into 
storage reservoirs. This invention process liquefies the natural gas and pumps the 
Liquefied Natural Gas fluid, which is a cold liquid, near-cryogenic or is a 
cryogenic, incompressible fluid, to the high pressure necessary for charging 
(pressurizing) underground and or above ground storage facilities. Pumping of the 
incompressible cold, near-cryogenic or cryogenic liquefied natural gas (LNG) 
requires significant less energy, from approximately 62 percent to 24 percent less 
than that required for gas compression, currently used by mechanical compressors 
to charge underground or above ground storage reservoir facilities. This particular 
energy comparison example is based on using a three stage ethylene refrigeration 
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system verses a conventional high-pressure natural gas compressor. Other, more 
efficient refrigeration systems may give greater energy savings, but their use will 
depend on the size and scope of each project as to whether the project justifies the 
additional complexity. 

[0005] The liquefied natural gas is re-gasified (vaporized) as part of the 
invention process for pre-cooling the natural gas to be liquefied, prior to being 
charged into the storage reservoir. The vaporized gas from the process remains at 
the high pressure for charging into the storage reservoir; only the cold temperature 
and refrigeration energy has been removed and exchanged to the natural gas 
entering the process system for liquefaction. Depending on the pressure of the 
inlet gas and the desired outlet pressure of the gas, the invention vaporization 
process recovers up to 90% percent of the refrigeration energy that is necessary to 
liquefy the inlet natural gas stream in the process. Additional refrigeration energy, 
above that recovered by this process, is required to complete the liquefaction 
process in order that the gas stream is fully 1 iquefied to a saturated and/or sub- 
cooled liquid phase for pumping to the storage reservoir high-pressure 
requirements. 

[0006] The invention is further described as a incompressible, near-cryogenic 
or cryogenic liquefied gas system, abbreviated as the "ICF Process System", for 
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pressurizing (charging) high pressure natural gas into storage reservoirs systems, 
such as underground, above ground facilities or storage containers. Natural gas is 
provided to the ICF Process System from the pipeline or other source at a nominal, 
moderate or near high inlet pressure at near ambient temperature. 
[0007] The invention, ICF Process System, pre-treats the inlet gas stream to 
remove the excess water, carbon dioxide, other temperature sensitive hydrocarbon 
compounds and any other undesirable impurities from the inlet gas stream to the 
process, as necessary for liquefaction of the natural gas stream. The ICF Process 
System utilizes a refrigeration system to chill the ambient inlet gas stream during 
the pre-treatment process to assist in the removal of undesirable impurities. This 
chilling of the inlet gas stream to remove impurities also provides a net savings of 
downstream refrigeration energy requirements. 

[0008] In addition, a still further object of this invention, the ICF Process 
System further refrigerates the chilled inlet stream in a counter flow type or other 
heat exchanger by transferring the recovered cold temperature to the inlet gas 
stream from the high pressure, near-cryogenic or cryogenic liquefied natural gas 
stream. This, heat exchange method vaporizes and re-gasifies the liquefied high 
pressure natural gas stream to a near ambient condition for charging (pressurizing) 
the storage facilities or containers with high pressure natural gas. 
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[0009] The ICF Process System further refrigerates the inlet gas stream by 
either an Isentropic Turbo-expander unit or a Joule-Thomson Isenthalpic 
expansion valve process. It is still a further object of this invention to provide 
additional refrigeration to the natural gas stream for complete liquefaction and/or 
sub-cooling of the natural gas stream using a mechanical refrigeration system. The 
mechanical refrigeration system would be installed downstream of Turbo- 
expander or Joule-Thomson valve, utilizing whichever of these two expansion 
devices is preferred to provide for the additional refrigeration effect to the ICF 
Process System. 

[0010] Refrigeration systems that use refrigerants for attaining low 
temperatures, including Propane, Propylene, Ethylene, Ethane, Methane and 
Nitrogen individually or mixed in a Cascade refrigeration and or Closed loop 
system can be used to provide, the additional required liquefaction refrigeration. . 
In addition, a mixed refrigerant type of refrigeration system where mixtures of 
Propane, Propylene, Ethylene, Ethane, Methane and or Nitrogen, can be used to 
provide the near-cryogenic or cryogenic liquefaction of the natural gas stream. 
Further, the ICF Process System embodies a gas or gas liquid two phase and or 
single phase liquid mixture fluid expansion devices, such as a Turbo-Expander and 
or Joule-Thomson valve to provide additional refrigeration effects to the natural 
gas stream. These gas or gas-liquid expansion devises would be installed between 
the natural gas stream pre-cool heat exchanger and low temperature refrigeration 
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system and or between the additional refrigeration system and the incompressible 
liquid pump, for maximum refrigeration efficiency and energy conservation. 

[0011] The ICF Process System provides an improved method and process with 
less total energy required to charge (pressurize), underground and or aboveground 
storage facilities, (storage containers) with high-pressure natural gas. The amount 
of energy conserved and overall ICF system efficiency, is a function of the 
pipeline or other gas supply inlet pressure to the ICF Process System and the high 
pressure natural gas pressure developed by the incompressible fluid pump to 
charge (pressurize) the storage facilities and or storage containers with natural gas. 
Depending on the inlet pressure available and the discharge pressure desired, the 
ICF Process System requires as much as 60% and possibly greater, less total 
energy, than a conventional gas compressor system. 

[0012] The disclosed device is directed toward a gas pressurization system 
comprising a gas inlet valve configured to receive an inlet gas stream. A clean-up 
system i s c oupled t o t he g as i nlet v alve. T he c lean-up s ystem i s configured t o 
remove impurities from the inlet gas stream. A recovery heat exchanger is 
coupled to the clean-up system. The recovery heat exchanger is configured to 
remove thermal energy from the inlet gas stream and consequently cools the inlet 
gas stream to a pre-cooled gas an/or liquid stream. An expander is coupled to the 
recovery h eat e xchanger. T he e xpander i s c onfigured toe xpand t he p re-cooled 
liquid stream into a two-phase fluid. A refrigeration unit is coupled to the 
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expander. The refrigeration unit is configured to cool the two-phase fluid to a 
liquid phase fluid. A buffer storage unit is coupled to the refrigeration unit. The 
buffer storage unit is configured to provide a net positive suction head. A pump is 
coupled to the buffer storage unit at a pump suction and the pump has a pump 
discharge coupled to the recovery heat exchanger. The recovery heat exchanger is 
configured to transfer thermal energy from the inlet gas stream to a liquid 
discharge from the pump discharge. A high-pressure storage unit is coupled to the 
pump discharge downstream of the recovery heat exchanger. 
[0013] The disclosure is directed toward another embodiment of a gas 
pressurization system. The gas pressurization system comprises a gas inlet valve 
configured to receive an inlet natural gas stream. A clean-up system is coupled to 
the gas inlet valve. The clean-up system is configured to remove impurities from 
the inlet natural gas stream. A recovery heat exchanger is coupled to the clean-up 
system. The recovery heat exchanger is configured to remove thermal energy 
from the inlet natural gas stream and cool the inlet natural gas stream to a pre- 
cooled gas and/or liquefied natural gas stream. An expander is coupled to the 
recovery h eat e xchanger. T he e xpander i s c onfigured t o e xpand t he p re-cooled 
gas and/or liquefied natural gas stream into a two-phase fluid. A refrigeration unit 
is coupled to the expander. The refrigeration unit is configured to cool the two- 
phase fluid to a liquid phase. A buffer storage unit is coupled to the refrigeration 
unit. The buffer storage unit is configured to provide a net positive suction head. 
A pump is coupled to the buffer storage unit at a pump suction and the pump 
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having a pump discharge coupled to the recovery heat exchanger. The recovery 
heat exchanger is configured to transfer thermal energy from the inlet gas stream 
to a liquefied natural gas discharge from the pump discharge. A high-pressure 
storage u nit i s c oupled t o t he p ump d ischarge d ownstream of t he r ecovery h eat 
exchanger. 

[0014] A method of pressurizing a gas is disclosed comprising flowing a gas 
through a gas inlet valve. The method includes removing impurities from the gas. 
The method includes precooling the gas in a recovery heat exchanger into a gas 
and/or a liquid phase. The method includes expanding the gas and/or liquid phase 
to a two-phase fluid through an expander. The method includes cooling the two- 
phase fluid to a saturated or sub-cooled liquid. The method includes storing the 
saturated or sub-cooled liquid in a buffer storage unit. The method includes 
maintaining a net positive suction head in the saturated or sub-cooled liquid. The 
method includes pumping the saturated or sub-cooled liquid with a pump through 
the recovery heat exchanger. The method includes exchanging thermal energy 
from the inlet gas to the saturated or sub-cooled liquid in the recovery heat 
exchanger. The method includes storing an ambient gas in a high-pressure storage 
unit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG 1 is a schematic of an exemplary liquefied natural gas process 
system. 

[0016] FIG 2 is a schematic of another exemplary liquefied natural gas process 
system. 

[0017] FIG 3 is a graphical illustration of the Refrigeration Energy Recovery 
by the ICF Process System, as a percent of the total liquefaction energy required 
versus various inlet natural gas pressures to the ICF Process System, for 
developing charging pressures of 2,000 psig and 4,000 psig, when using the 
Turbo-Expander Device. 

[0018] FIG 4 is a graphical illustration of the difference in Horse Power 
required for a Gas Compressor System verses an exemplary ICF Process System, 
using a Turbo-Expander Isentropic Expansion device to charge (pressurize) 
natural gas storage reservoir facilities and or storage containers to 2,000 psig. 

[0019] FIG 5 is a graphical illustration of the difference in Horse Power 
required between a Gas Compressor System and an exemplary ICF Process 
System, using a Joule-Thomson" Isenthalpic expansion valve to charge 
(pressurize) natural gas storage reservoir facilities and or storage container 
systems to 2,000 psig. 
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[0020] FIG 6 is a graphical illustration of the difference in Horse Power 
requirements b etween a G as C ompressor S ystem a nd a n e xemplary ICF T urbo- 
Expander Process System to charge (pressurize) natural gas reservoir facilities and 
or storage container systems to 4 5 000 psig. 

DETAILED DESCRIPTION 

[0021] The present invention generally contemplates the charging or 
pressurizing of underground natural gas reservoirs by pre-treating and liquefaction 
of a natural gas stream, after pumping said liquefied gas stream to a high pressure, 
vaporizing the liquefied gas stream for heat exchange cooling energy recovery to 
the inlet natural gas stream for sub-cooling, said inlet gas stream prior to 
liquefaction. Additional cooling of the natural gas stream prior to the complete 
liquefaction is accomplished by expansion of the sub-cooled natural gas stream 
from a higher to a lower pressure. Expansion of the sub-cooled natural gas is 
accomplished by either or a combination of a Joule-Thomson valve devise and/or 
a turbo-expander devise. 

[0022] Precooling of the inlet gas stream by the ICF Process system, recovers 
from approximately 40 to 90 percent of the liquefaction refrigeration energy. 
Refrigeration energy recovery is dependent on the inlet natural gas pressure to the 
ICF Process System, heat exchange refrigeration energy recovery efficiency and 



10 



PATENT 
Docket No.: GREN-001 

charging pressure t o t he n atural g as r eservoir f acilities a nd o r s torage c ontainer 
systems. Consequently, the complete liquefaction of the inlet gas stream to a 
saturated and or sub-cooled liquid phase now requires only the differential 
refrigeration energy from the recovered refrigeration energy to the total required 
for complete liquefaction of the natural gas stream. 

[0023] Referring to FIG. 1 the ICF Process System schematic embodies an inlet 
shutoff c ontrol v alve 1 , a n i nlet n atural gas s tream 2, an atural g as s tream p re- 
treatment clean up sub-system 3, a natural gas stream 4, removed of water, carbon 
dioxide, C 6+, heavy hydrocarbons and any o ther undesirable i mpurities such as 
sulfur compounds, a refrigeration energy recovery heat exchanger 5, a pre-cooled 
natural gas stream 6, a turbo-expander isentropic expansion device 7, a turbo- 
expander energy absorbing device, electric generator 8A or gas compressor 8B, or 
hydraulic pump mechanism 8C, a two phase cooled natural gas stream 9, a 
mechanical refrigeration unit 10, a saturated and or sub-cooled natural gas stream 
1 1, a buffer LNG storage unit 12, a natural gas fuel gas line 13, a liquefied natural 
gas pump suction stream 14, a incompressible fluid pump 15, a high pressure LNG 
fluid pump discharge stream 16, a high pressure near ambient temperature natural 
gas stream 17, high pressure control valve 18, high pressure natural gas stream 19, 
underground natural gas storage facilities 20, and/or above ground Natural Gas 
storage containers 21. 

[0024] Natural gas stream 2 enters the ICF Process System at shutoff control 
valve 1, and is processed by a pre-treatment clean up sub-system 3, where, water, 
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carbon dioxide, impurities and C6+ heavy hydrocarbons are removed from the 
natural gas stream to acceptable levels for liquefaction of the natural gas stream. 
The gas pre-treatment clean up sub-system 3 can be comprised of any number of 
standard commercial or industrial processes that are used to remove water, carbon 
dioxide, impurities and or other heavy hydrocarbon compounds from natural gas 
streams, such as Amine processes, Molecular Sieves processes, Methanol 
processes, Activated Charcoal processes or suitable pre-treatment clean up process 
combinations thereof. Valve 2 controls natural gas stream 1, entering the ICF 
Process System. 

[0025] After, the inlet natural gas stream 2, has been processed to remove the 
water, carbon dioxide, impurities and C6+ heavy hydrocarbons from the natural 
gas stream by the clean up sub-system 3, the natural gas stream that is essentially 
free of water and carbon dioxide 4, is piped to the recovery heat exchanger 5, for 
pre-cooling the natural gas stream by recovering the refrigeration energy, prior to 
entering an expander 7. For refrigeration energy recovery, the high pressure 
liquefied natural gas stream 16, is counter-flowed to the recovery heat exchanger 
5, by the incompressible fluid pump 15, after liquefaction of the natural gas stream 
11, by the mechanical refrigeration system 10, as withdrawn through the liquefied 
natural stream 14, from the buffer storage unit 12. 

[0026] Isentropic processing through the expander device 7, further cools the 
pre-cooled natural gas stream 6. This isentropic expansion caused by the natural 
gas stream pressure drop across the expander device 7, provides additional 
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refrigeration effect to the pre-cooled natural gas stream 9, prior to entering the 
mechanical refrigeration unit 10. In an exemplary embodiment, the expander is a 
turbo-expander device 7, as used in the ICF Process system, that drives an energy 
absorbing device, either an electric generator 8A, or gas compressor 8B, or 
hydraulic pump 8C. The electric generator 8A, when installed, provides electric 
power during turbo-expander 7 operation, the gas compressor 8B, when installed, 
provides gas compression during turbo-expander 7 operation, either energy 
absorbing device provides further energy conservation by the ICF Process System. 

[0027] The amount of electrical energy generated by the turbo-expander 
generator 8A, is a function of the pre-cooled natural gas stream 6, pressure and 
temperature entering the turbo-expander 7, natural gas steam pressure drop and 
temperature change, stream 6 to stream 9, through the turbo-expander 7, isentropic 
gas expansion process. The turbo-expander thermal efficiency directly affects the 
power g eneration c apability o f the turbo-expander e lectric g enerator 8 A, during 
ICF Process System operation. Electrical power generated by the electrical 
generator 8A can be utilized in the ICF Process System to off set electrical power 
required by the incompressible fluid pump 15, when driven by an electric motor. 

[0028] The electrical power developed by the turbo-expander driven electrical 
generator 8A is variable, but near constant, when the turbo-expander devise 7, 
operates at a near constant pressure, temperature, flow rate from the natural gas 
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pre-cooled inlet stream 6 and exiting two phase cooled stream 9. The power output 
of the turbo-electric generator 8A is generally less than the power required by the 
incompressible fluid pump motor 15 and therefore additional power from the local 
electrical grid or an electric generator is required for ICF Process System 
operation. 

[0029] When installed, the hydraulic pump mechanism 8C is driven by the 
turbo-expander 7, and provides hydraulic power to drive mechanical and or 
refrigeration system m otor components. The hydraulic pump 8C, p ower that is 
developed, is a function of the pre-cooled inlet stream 6, pressure and temperature 
entering the turbo-expander 7, natural gas stream pressure drop 6, to stream 9, 
through the turbo-expander 7, isentropic gas expansion process. 

[0030] The Natural Gas stream exiting the turbo-expander device 7 is further 
cooled into a two-phase (liquid & gas) natural gas stream 9, prior to entering the 
mechanical refrigeration unit 10. Where, the two-phase natural gas stream 9 is 
further cooled to a saturated liquid and or sub-cooled liquid stream 11. From the 
Mechanical Refrigeration unit 10, the saturated and or sub-cooled natural gas 
stream 11, is transferred to a buffer storage unit 12, prior to entering the 
incompressible fluid pump 15. The buffer storage unit 12 provides sufficient 
volume and liquid head to the incompressible fluid pump 15, to maintain efficient 
pumping without pump cavitation during start up, steady state operations and 
shutdown conditions. 
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[0031] The incompressible fluid pump 15, is designed to raise the liquefied 
natural gas fluid to the high pressure necessary to charge (pressurize), 
underground reservoir facilities 20, and or above ground storage containers 21, 
with h igh p ressure n atural g as a t n ear a mbient t emperature. T he i ncompressible 
fluid pump 15, may be one or more fluid pumps in series and or in parallel, 
dependent upon the natural gas stream volume and pressure requirements for 
charging (pressurizing) the underground reservoir facilities 20, and or storage 
containers 2 1 . 

[0032] The ICF Process System is a continuous process and has been invented 
to recover a large portion of the refrigeration energy required to liquefy the natural 
gas stream. Heat gain to the near-cryogenic or cryogenic ICF process system 
equipment, such as the pre-cooling heat exchanger 5, turbo-expander devise 7, 
mechanical refrigeration unit 10, buffer storage unit 12, incompressible liquid 
pump 15 and natural gas streams 4, 6, 9, 1 1, 14 and 16 shall be highly insulated to 
minimize the refrigeration losses due to thermal radiation and conduction. 
[0033] A natural gas engine would, preferably power the mechanical 
refrigeration unit 10. Diesel or LP gas engine drives may also be suitable, however 
natural gas would be the fuel of choice. If the mechanical refrigeration unit 10 is 
powered by an electrical motor and the incompressible fluid pump 15 is powered 
by a engine driven electrical generator set, the electrical power generated by the 
turbo-expander driven electrical generator 8A, can be used to offset the power 
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requirement of the mechanical refrigeration unit 10 electrical motor. Thereby, 
providing a minimum requirement for external electrical power to the ICF Process 
System. 

[0034] Referring to FIG. 2, the Fig. 2 schematic of the ICF Process System 
embodies an inlet shutoff control valve 1, and inlet natural gas stream 2, a natural 
gas clean up sub-system 3, a natural gas stream removed of water, carbon dioxide, 
impurities and C6+ heavy hydrocarbons 4, a refrigeration energy recovery heat 
exchanger 5, a Joule-Thomson gas expansion device (7 A) a two phase cooled 
natural gas stream 9, a mechanical refrigeration unit 10, a saturated and/or sub- 
cooled natural gas stream 11, a liquefied natural gas buffer storage unit 12, a 
natural gas fuel gas line 13, a liquefied natural gas p ump s uction stream 14, a 
incompressible fluid pump 15, a high pressure LNG fluid pump discharge stream 
16, a high pressure near ambient temperature natural gas stream 17, high pressure 
control valve 18 high pressure natural gas stream 19, underground storage 
facilities 20 and or above ground storage containers 21. 

[0035] Natural gas stream 2 enters the ICF Process System at shutoff valve 1, 
and is processed by a pre-treatment clean up sub-system 3 where w ater, carbon 
dioxide, impurities and C6+ heavy hydro-carbon compounds are removed to 
acceptable levels for liquefaction of the natural gas stream. The gas pre-treatment 
clean up sub system 3, can be comprised of any number of standard commercial or 
industrial processes that are used to remove water, carbon dioxide, impurities and 
C6+ heavy hydrocarbon compounds from natural gas streams, such as Amine 
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processes, Molecular Sieves processes, Methanol processes, Charcoal processes 
and or combinations of these or suitable pre-treatment clean up processes. 
[0036] After the inlet natural gas stream 2, has been processed by the pre- 
treatment clean up sub-system 3, the natural gas stream 4, enters an energy 
recovery heat exchanger 5, to pre-cooled and recover the refrigeration energy from 
the high pressure liquefied natural gas (HP-LNG) stream 16. Stream 16, is 
counter- flowed to recovery heat exchanger 5, by incompressible fluid pump 15. 
The high pressure liquefied natural gas 16, that is counter-flowed through the 
recovery heat exchanger 5, transfers the refrigeration energy to the incoming 
natural gas 4, such that the pre-cooled natural gas stream 6, entering the expander 
7 A (e.g., a Joule-Thomson valve) is now a cold gas and/or a liquid. Stream 6 is 
processed through the Joule-Thomson valve (JT valve) 7A, for isenthalpic 
expansion, to further reduce the temperature of the natural gas and/or liquid stream 
9, prior to entering the mechanical refrigeration unit 10. The Joule-Thomson (JT) 
expansion valve device provides isenthalpic expansion of the pre-cooled natural 
gas stream to further gain and impart refrigeration energy into the natural gas 
stream, prior to the mechanical refrigeration unit. The Joule-Thomson valve 
device can be used in place or in parallel with the Turbo-expander device. Certain 
conditions of the ICF Process System make it desirable to operate the Joule- 
Thomson valve device in place of the Turbo-Expander to provide a cooling effect 
to the natural gas stream, prior to entering the mechanical refrigeration unit. 
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[0037] When the ICF process system cycle of operation practice is continuous, 
the refrigeration liquefaction energy from stream 1 6 is continually recovered from 
the outgoing high-pressure natural gas stream 17 to the incoming pre-cooled 
natural gas stream 4. Additional, refrigeration is added to the stream by the JT 
Valve isenthalpic expansion process (7A) and mechanical refrigeration unit 10, to 
completely liquefy the steam to a saturated and sub-cooled thermodynamic 
condition 11. To provide the incompressible high-pressure fluid pump 15 with 
sufficient net positive suction head (NPSH), to prevent pump cavitation during 
transit conditions of start up, steady state and shutdown operations, a buffer 
storage unit 12 is provided in the ICF Process System. 

[0038] Stream 13, contains cold gaseous natural gas vapor, which may be used 
for fuel and/or can be recompressed for injection into the ICF process System, 
after the cold refrigeration energy contain is this stream has been removed by 
recovery heat exchanger 5. Recovery of the refrigeration energy contained in 
stream 13 requires that, an additional heat exchange counter flow passage be 
added to recovery heat exchanger 5. The recovery of refrigeration energy from 
stream 13, further increases the thermal efficiency of the ICF Process System and 
lessens the total amount of energy required to charge high-pressure natural gas 
into underground reservoirs and or above ground storage containers. 
[0039] High pressure natural gas stream 17, exiting the recovery heat 
exchanger 5, is controlled by valve 18, for pressure and flow in stream 19, to the 
underground storage facility 20 and or to above ground natural gas storage 
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containers 21. Control valve 18 is further used to isolate the ICF system from the 
high pressure underground storage facility 20 and or the above ground high 
pressure storage containers 21, after charging operations have been completed and 
the ICF Process System has been shutdown. 

[0040] The I CF P rocess S ystem c omponents, w hich a re a t o r n ear cryogenic 
temperature such as the refrigeration recovery heat exchanger 5, pre-cooled 
natural gas stream 6, JT valve (7 A), two phase cooled natural gas stream 9, 
mechanical refrigeration unit 10, saturated and or sub-cooled natural gas stream 
11, buffer natural gas storage unit 12, pump suction stream 14, incompressible 
fluid pump 15 and high pressure natural gas stream 16, are highly insulated to 
retain the cold energy from heat gain due to thermal radiation and conduction. 
Thermal heat gain to the ICF Process System cryogenic or near cryogenic 
components requires additional refrigeration energy and lessens the overall system 
efficiency. 

[0041] The Figures 3, 4, 5 and 6 contained in this disclosure, have been 
prepared using as an example a natural gas flow rate of 80 Million Standard Cubic 
Feet per Day (80 MMSCFD). The natural gas stream composition used for the 
same examples is composed of approximately 91.81 Mole percent Methane, 2.32 
Mole percent Ethane, 2.27 Mole percent Propane, 1.45 Mole percent Nitrogen and 
2.15 Mole percent Iso-Butane. 
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[0042] The technical chemical engineering data used for determining the ICF 
Process System performance, including compressor horsepower requirements, as 
described within this Invention Disclosure, has been calculated for the above 
natural gas stream at various inlet and outlet pressure conditions and equipment 
configurations, using computer simulations by Design II*, Version 8.19, 
Advanced Engineering Software program from WinSim Inc. Determination of the 
Sub-Temperature Refrigeration Horse power requirements has been determined 
from the refrigeration section of the handbook text, Rules of Thumb for Chemical 
Engineers, Second Edition, by Carl Branan. 

[0043] ICF Process System piping components, which interconnect between 
the refrigeration energy recovery heat exchanger and turbo expander unit to 
conduct the pre-cooled natural gas stream, shall be insulated using a very low heat 
gain insulation system. The piping insulation system shall employ a vacuum jacket 
pipe, installed over the inner pressure carrier pipe. Further, the insulation system 
shall utilize vacuum and a laminar type super-insulation with a thermal 
conductivity equal to, or less than 0.015 Btu/foot, per hour, per degree F., of 
insulated pipe length. Those, skilled in the art of very low heat gain vacuum 
insulation systems, shall employ a getter and absorbent materials in the vacuum 
annular insulation space to provide for out-gassing of the stainless steel and or 
other steel and insulation materials, in order to maintain a long term vacuum and 
performance of the insulation system. 
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[0044] ICF Process System piping components which interconnect between 
turbo-expander unit and the mechanical refrigeration unit to conduct the near 
cryogenic or cryogenic natural gas stream, shall be insulated using a very low heat 
gain insulation system. The piping insulation shall employ a vacuum jacketed 
pipe, installed over the inner pressure carrier pipe. Further, the insulation system 
shall utilize vacuum and laminar type super-insulation with a thermal conductivity 
equal to, or less than 0.015 Btu/foot, per hour, per degree F., of insulated pipe 
length. Those, skilled in the art of very low heat gain vacuum insulation systems, 
shall employ a getter and absorbent materials in the vacuum annular insulation 
space to provide for out-gassing of the stainless steel and or other steel and 
insulation materials, in order to maintain a long term vacuum and performance of 
the insulation system. 

[0045] ICF Process System piping components, which interconnect between 
the mechanical refrigeration unit and the buffer storage unit to conduct the 
saturated or sub-cooled near cryogenic or cryogenic natural gas stream, shall be 
insulated using a very low heat gain insulation system. The piping insulation 
system shall employ a vacuum jacketed pipe, installed over the inner pressure 
carrier pipe. Further, the insulation system shall utilize vacuum and laminar type 
super-insulation with a thermal conductivity equal to, or less than 0.015 Btu/foot, 
per hour, per degree F., of insulated pipe length. Those, skilled in the art of very 
low heat gain vacuum insulated systems, shall employ a getter and absorbent 
materials in the vacuum annular space to provide for out-gassing of the stainless 
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steel and or other steel and insulation materials, in order to maintain a long term 
vacuum and performance of the insulation system. 

[0046] ICF Process System buffer storage unit, which temporally contains or 
stores saturated or sub-cooled near-cryogenic or cryogenic liquefied natural gas 
for supply to the incompressible fluid pump shall be insulated using a very low 
heat gain insulation system. The buffer unit may be a pressure pipe or pressure 
vessel of sufficient volume for its purpose as previously described. The buffer unit 
insulation system shall employ a jacket pipe or jacket casing, installed over the 
pressure carrier inner pipe or inner pressure vessel. Further, the insulation system 
shall utilize vacuum and either a laminar type super-insulation or power type 
perlite insulation with a thermal conductivity equal to or less than 0.022 Btu/foot, 
per hour, per degree F., of insulated pipe length. Those, skilled in the art of very 
low heat gain vacuum insulated systems, shall employ a getter and absorbent 
materials in the vacuum annular space to provide for out-gassing of the stainless 
steel and or other steel and insulation materials, in order to provide for a long term 
vacuum and performance of the insulation system. 

[0047] ICF Process System piping components, which interconnect between 
the buffer storage Unit and the incompressible fluid pump, to conduct the 
saturated or sub-cooled near cryogenic or cryogenic natural gas stream, shall be 
insulated with a very low heat gain insulation system. The piping insulation 
system shall employ a vacuum jacketed pipe, installed over the inner pressure 
carrier pipe. Further, the insulation system shall utilize vacuum and laminar type 
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super-insulation with a thermal conductivity equal to, or less than 0.015 Btu/foot, 
per hour, per degree F., of insulated pipe length. Those, skilled in the art of very 
low heat gain insulation systems, shall employ a getter and absorbent materials in 
the vacuum annular space for out- gassing of the stainless steel and or other steel 
and insulation materials in order to maintain a long term vacuum and performance 
of the insulation system. 

[0048] ICF Process System incompressible fluid pump, shall be insulated using 
a very low heat gain insulation system. The incompressible fluid pump may be a 
submerged type multi-stage centrifugal configuration and or a positive 
displacement type pump. The multi-stage centrifugal pump shall employ a 
vacuum jacket casing over the centrifugal pump housing. Further, the insulation 
system shall utilize vacuum and laminar type super-insulation with a thermal 
conductivity equal to, or less than 0.015 Btu/foot, per hour, per degree F., have 
insulated centrifugal pump length. Where, the incompressible fluid pump is a 
positive displacement type configuration, the pump cold end, shall employ a 
vacuum jacket casing over the cold end housing. Further, the insulation system 
shall utilize vacuum and laminar type super-insulation with a thermal conductivity 
equal to or less than 0.015 Btu/foot, per hour, per degree F., of insulated cold end 
housing length. 

[0049] Those, skilled in the art of very low heat gain vacuum insulation 
systems, shall employ a getter and absorbent materials in the vacuum annular 
space, to provide for out-gassing of the stainless steel and or other steel and 
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insulation materials, in order to maintain a long term vacuum and performance of 
the insulation system. 

[0050] ICF Process System piping components, which interconnect between 
the incompressible fluid pump and the refrigeration recovery heat exchanger, shall 
be insulated with a very low heat gain insulation system. The piping insulation 
system shall employ a vacuum jacketed pipe, installed over the inner pressure 
carrier pipe. Further, the insulation system shall utilize a vacuum and laminar type 
super-insulation with a thermal conductivity of 0.015 Btu/foot, per hour, per 
degree F., of insulated pipe length. Those, skilled in the art of very low heat gain 
vacuum insulation systems, shall employ a getter and absorbent materials in the 
vacuum annular space, to provide for out-gassing of the stainless steel and or other 
steel and insulation materials, in order to maintain a long term vacuum and 
performance of the insulation system. 

[0051] ICF Process System refrigeration energy recovery heat exchanger, shall 
be insulated with a low heat gain insulation system. The low heat gain insulation 
system to be employed for insulation of the refrigeration energy heat exchanger 
shall utilize a cryogenic type of urethane closed cell foam material. The foam 
material shall have a thermal conductivity equal to or less than 0.35 Btu/foot, per 
hour, per degree F., of exchanger length. Further, the foam insulation shall be a 
minimum thickness of 4 inches, placed in 2 inches thick panels. Yet further, the 
insulation shall be enclosed by an appropriate vapor shield material for protection 
of the urethane foam from moisture penetration and further damage due to ultra 

24 



PATENT 
Docket No.: GREN-001 

violet light and an aluminum metallic covering to protect the insulation vapor 
shield. 

[0052] The disclosure includes the advantage of a continuous or near 
continuous system that (1) liquefies a gas to change from a compressible gas to an 
incompressible fluid, (2) uses an incompressible pump to raise the fluid's pressure, 
and (3) recovers most of the energy needed for liquefaction in step (1) from the 
now higher pressure fluid by heat exchange within the system as the fluid is 
returned to a gas at a now higher pressure. 

[0053] While embodiments and applications of this invention have been shown 
and described, it would be apparent to those skilled in the art that many more 
modifications than mentioned above are possible without departing from the 
inventive concepts herein. The invention, therefore, is not to be restricted except 
in the spirit of the appended claims. 
[0054] What is claimed is: 
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